Objectives: To evaluate the intake, plasma concentrations and postprandial response of trans fatty acids in obese and control children at prepubertal age in order to detect potential associations with childhood obesity. Design: Case-control study, clinical dietary intervention with a 428 kcal standardized breakfast and longitudinal 3 h postprandial follow-up for trans fatty acid plasma levels. Subjects: Fifty-four children aged 6-13 years of both sexes, 34 obese (body mass index 497th percentile for age and sex) and 20 non-obese (control group) at prepubertal period (Tanner I). Measurements: Various anthropometric parameters and sex hormones, fasting insulin and glucose, estimation of dietary trans fatty acid intake and their plasma quantitation in fasting conditions, and for 3 h following intake of a standardized breakfast. Results: Dietary trans fatty acid intake was less than 0.4% of total energy in both groups, with a trend towards higher intake in obese children. Fasting plasma trans fatty acid concentrations and percentages were similar in both groups. However, trans fatty acid levels at þ 3 h were significantly higher than at 0 h in obese children, but not in controls (obese, 0 h: 2.3870.29; 3 h: 3.6270.45; controls, 0 h: 2.2970.24; 3.1470.49 mg/dl); cis monounsaturated fatty acid concentrations were not significantly affected by the postprandial interval. Obese children exhibited hyperinsulinemia and insulin resistance; however, trans fatty acid intake or their plasma levels were not associated with them. Conclusion: There is a low intake of trans fatty acids in Southern Spanish children, which is supported by their low concentrations in plasma. No difference in trans fatty acid intake is observed between obese and control children, although plasma levels remain higher in obese than in control children after 3 h of a meal. A marked insulin resistance is seen in obese, but it is not correlated with either trans fatty acid intake or plasma concentration.
Introduction
In developed countries, the main factors determining overweight and obesity among children and adolescents are related to dietary abundance and sedentary lifestyles.
1,2 For children, family income and urbanization may be linked to dietary changes, owing to a reported increase in consumption of energy-dense foods (with high trans fatty acid content) and soft drinks in place of fruit and vegetables. [3] [4] [5] In Spain, a typical Mediterranean country, where the prevalence of childhood obesity is increasing dramatically (6.9% in 1984 to 12.6% in 2000), 4, 6 bakery products are estimated to account for 15.5% of energy intake in children aged 5-6 years. 7 In USA, the proportion of energy intake from fast food has increased over time, from 6.5% in 1977 to 16 .7% in 1994 in adolescents. 5 Although no epidemiological study has found a positive association between fast food consumption and body weight in children, this question remains unsolved and would appear to be of considerable interest for public health policy. In addition to the role of total dietary fat in the current obesity epidemic, different dietary fats may have different effects on associated risk factors. Although it is still unclear whether dietary fat is a major determinant of body fat in humans, 8, 9 several studies in adults have reported that high intake of saturated and trans fatty acids increase the risk for coronary heart disease and diabetes mellitus compared to monounsaturated fatty acids (MUFA) or polyunsaturated fatty acids (PUFAs). 8 Compared to saturated fat, trans fatty acids are associated with a 2.5 to 10-fold higher risk increment for ischemic heart disease. 10 With regard to the effects of trans fatty acids on the risk of developing type 2 diabetes, a positive association has been reported between trans fatty acid intake and acute insulin resistance in adults. [11] [12] [13] However, in the double-blind crossover study performed by Lovejoy et al., 14 no significant difference was found for insulin sensitivity or secretion in lean adults receiving diets with 9% of energy as trans fatty acids, saturated fatty acids or oleic acid. As consumption of trans fatty acids has been increasing among children over the last few years in many countries, 4, 5 the hypothesis of the present study was that dietary trans fatty acids may have a negative effect in children increasing plasma fatty acid levels and insulin resistance associated with obesity.
The aim of this study was to estimate trans fatty acid intake in obese and control prepubertal children and to determine plasma trans fatty acid concentrations, and their potential relationships with hyperinsulinemia and insulin resistance in obese subjects. In addition, postprandial plasma trans fatty acid response for a period of 3 h was evaluated after a test breakfast in obese children and non-obese controls.
Materials and methods

Subjects
Thirty-four obese prepubertal children and 20 healthy age-matched and sex-matched controls, all from Có rdoba province (Spain), were included in the study. Mean age for obese subjects was 9.470.4 years, and for controls 9.870.4 years. All obese children had a body mass index (BMI) of over 25 kg/m 2 , and all were in a BMI percentile 497 for their corresponding age and sex. Patient characteristics are shown in Table 1 . Subjects were eligible if they were healthy and clinically (Tanner I) and biochemically (sex hormones) classified as prepubertal. The study was approved by the Ethics Committee of the Hospital and all parents signed an informed consent form before their child's participation in the study.
Dietary assessment
Dietary intake was estimated using a food-frequency questionnaire and a 72 h dietary survey both validated by the Granada University Institute of Nutrition and Food Technology. 15 Children and parents were also interviewed on an individual basis to obtain further valuable information on diet. Nutrient intake was calculated using the 72 h dietary survey and a database for composition of Spanish foods compiled by Mataix et al.
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; trans fatty acid content was evaluated using the Spanish nutrient database developed by Moreiras et al.
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Sampling Fasting blood samples were taken from all children; immediately after, they received a standard 428 kcal breakfast composed by 200 ml milk, 10 g sugar, 18 g cocoa, 10 g butter, 30 g toasted bread and 20 g jam, in which butter and milk were the main sources of trans fatty acids. The rationale of giving this test meal was based in the usual food distribution for Southern Spanish breakfast, and it provided 64.8 g carbohydrates, 9.8 g proteins, 9.8 g lipids and 0.6 g of trans fatty acids (1.2% of breakfast energy). Blood samples were also taken 1-3 h after breakfast.
Plasma analysis
Following confirmation of prepubertal status by measurement of several sex hormones (results not shown), glucose and plasma insulin levels were measured at fasting and 2 h after intake of the standardized breakfast. Glucose was analyzed using the glucose oxidase method in an automatic analyzer, and plasma insulin was analyzed by radioimmunoassay using a Linco Research Kit (Linco Research Inc., St Charles, MO, USA). Insulin resistance and tissue insulin Trans fatty acids in obese children E Larqué et al sensitivity were calculated using the homeostasis model assessment (HOMA) index, as defined by the equation HOMA ¼ fasting glucose (G 0 ) (mM) Â fasting insulin (I 0 ) (mU/ml)/22.5, and the quantitative insulin sensitivity check index (QUICKI) as defined by the equation QUICKI ¼ 1/(log I 0 þ log G 0 ). 18, 19 Total lipids from 0.1 ml of plasma were extracted into hexane/isopropanol (4:1) following the addition of 250 ml internal standard (C13, 0.2 mg/ml). Synthesis of fatty acid methyl esters (FAME) was performed with 3 mol/l methanolic HCl (Supelco, Bellafonte, PA, USA) at 851C for 45 min; derivatives were extracted into hexane and stored at À201C until gas chromatographic analysis. 20 FAME were analyzed by gas liquid chromatography using a SP-2560 fused silica capillary column (100 m Â 0.25 mm i.d., 20 mm film thickness; Supelco, Bellefonte, PA, USA) in a Hewlett-Packard 5890 gas chromatograph. Peaks were identified by comparison with appropriate FAME standards purchased from Sigma Chemical Company (Urbana, IL, USA). Finally, the double-bond position of isomers was confirmed by gas liquid mass spectrometry (GC-MS) analysis of their 2-alkenyl-4,4-dimethyloxazoline derivatives. 21 Statistical analysis Data are expressed as means7s.e.m. As fatty acid percentages do not generally follow a normal distribution, data were transformed to their decimal logarithms. Comparisons of sociodemographic and clinical variables and dietary trans fatty acid intake between obese and control children were evaluated by unpaired t-tests. The analysis of variance general linear model for repeated measures was used to evaluate the two sources of variation in the study (obesity and postprandial time). To evaluate specific mean differences, appropriate post hoc comparisons between different times were performed when significant differences for the postprandial period were found. Correlations between variables were assessed using Pearson's correlation coefficients. Analyses were performed using the software program SPSS version 11.5 (Statistical Package for Social Sciences, SPSS Inc., Chicago, IL, USA).
Results
Anthropometric data and dietary habits
As expected, obese children exhibited a significant higher weight, height, BMI, waist and hip circumferences than control children (Table 1) . Total dietary energy intake was significantly higher in obese than in control children (2037765 vs 1601782 kcal/ day, Po0.001). Moreover, absolute intake of each macronutrient was also significantly higher (results not shown); total fat consumption was 9374 g/day in obese children compared to 7074 g/day in controls (Po0.001). Boys consumed daily more energy (2099773 kcal in obese boys, 17357118 in controls, Po0.001) than girls (obese girls 18997127 and controls 1436789 kcal, Po0.001), and also a greater absolute weight of each macronutrient (results not shown). Nevertheless, when macronutrients were expressed as a percentage of dietary energy, the differences between obese and control children were not statistically significant, even for the percentage of fat (obese boys intake 41.4771.68% of energy as fat, vs 41.10% in obese girls; control boys 38.3471.44 vs control girls 41.4671.54).
Dietary trans fatty acid intake among prepubertal children was low, accounting for less than 0.4% of total daily energy intake not only in obese subjects but also in controls. However, a trend was observed towards higher dietary trans fatty acid intake in obese children than in controls (Po0.1) ( Table 2 ). As a consequence of the low intake of these compounds, the proportion of plasma trans fatty acids in these subjects was also quite low (less than 1% of total fatty acids) (results not shown). Similarly, there was no significant correlation between dietary trans fatty acid intake and fasting plasma levels (r ¼ À0.036).
Postprandial levels of trans fatty acids No significant differences were detected in fasting plasma trans fatty acid levels between obese and control children, either in terms of absolute concentrations (Table 3) or expressed as a percentage of total fatty acids (0.7170.07% total trans fatty acids in obeses vs 0.7770.07% in controls). Most were monounsaturated trans fatty acids (MUFA trans) ( Table 3) ; similar levels were displayed by both groups for these and for total polyunsaturated trans fatty acids (Table 3) . However, there was a significant increase from fasting to 3 h after intake of the standardized breakfast of total plasma trans fatty acid levels, MUFA trans levels and, particularly, 18:1 t, between obese and control subjects. In contrast, cis monounsaturated fatty acids (MUFA cis) displayed no significant differences over the postprandial period in either group (Figure 1 ). In addition, after 3 h from the breakfast intake, plasma trans fatty acid levels remained higher in obese than in control subjects. No sex-related differences were observed in the postprandial profile of plasma trans or cis fatty acids (results not shown). Trans fatty acids in obese children E Larqué et al
Insulin response
Obese children showed hyperinsulinemia and increased insulin resistance compared with controls (Table 1) . Nevertheless, no significant correlation was detected between groups for fasting plasma trans fatty acids or dietary trans fatty acid intake or for the insulin response (r ¼ 0.04; r ¼ 0.086), HOMA index (r ¼ À0.032, r ¼ 0.074) or QUICKI index (r ¼ À0.108, r ¼ 0.02).
Discussion
In the present study, dietary energy intake in both obese and control prepubertal children lay within the range of the internationally established Dietary Reference Intakes. 22 Nevertheless, obese children consumed significantly more energy than controls, approaching the maximum recommended amount. No significant difference was detected between groups for the proportion of dietary energy coming from fat. The American National Academy of Sciences has established neither recommended dietary intakes nor adequate intakes for fat, but only suggests a range of 25-35% for children aged 4-13 years old and older. 22 Children in the present study clearly ingested more fat (about 41% of total energy) than recommended; similar findings have been reported for Spanish children and adolescents in epidemiological studies. 4 It has been suggested that not only energy intake but also fat intake may be related to body fatness in childhood. 23 However, the results obtained here do not support the view that high-fat diets are the primary cause of obesity, as both obese and normal children consumed similar levels of fat; even so, the sample size used here is too small to allow any formal assumptions to be established. The paradox that within the United States the prevalence of obesity has increased massively over the last two decades, corresponding to a decline in the proportion of energy consumed in the form of fat, highlights the complex origins of this disorder. Independently of the role played by total fat in the development of obesity, qualitative changes (i.e. the fatty acid composition of fats) have been largely disregarded. Consumption of high-fat foods, such as cakes, crackers, cookies, doughnuts and snack chips, is increasing among children. 5 These foods are a major source of trans and saturated fatty acids; together, they account for over 50% of total fat intake in many samples. 24 One of the aims of the present study was to determine whether there was any difference in trans fatty acid intake between obese and control prepubertal children; no statistically significant difference was detected. It must be stressed that, in the present study, estimated dietary trans fatty acid intake in prepubertal Spanish children was lower (less than 1 g/day or 0.4% of total energy) than that reported for adults in other European countries (1.2-6.7 g/day in men and 1.7-4.1 g/day in women, accounting for 0.4-2.5% of total energy intake), 25 and in the United States (2.6% of total energy). 26 Dietary trans fatty acid estimations based on food questionnaires are of limited value, as the considerable variation in trans fatty acid content between different foods within a given product Trans fatty acids in obese children E Larqué et al category may give rise to considerable error; Innis et al.
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reported differences of between 1.4 and 25.4 g/day in trans fatty acid content for the same diet depending on the brand or composition database used. Here, a recently revised Spanish food database was used to estimate consumption of the fatty acids studied. 17 In spite of this, it could be considered that the low intake of trans fatty acids reported here might reflect an incomplete accounting of trans in the diet owing to inaccuracy of the used database. However, the low plasma percentages of trans fatty acids found in both obese and control children confirm that the trans fatty acid intake in southern Spain is actually very low.
In the present study, the percentage of plasma trans isomers in Spanish prepubertal children was lower than that reported in German children aged 1-15, who displayed over 1.5% of these compounds in plasma phospholipids and cholesterol esters, respectively, and 2.5% in triacylglycerols. 28 It is often suggested that obese children consume more food containing partially hydrogenated fats than non-obese children; the data obtained here from dietary records and measured plasma levels would suggest that in southern Spain trans fatty acid intake is low in children, and there are no detectable differences between obese and normal children ( Table 2 ). The formation of trans PUFA residues in tissue phospholipids may be owing to a free radical-catalyzed isomerization process occurring to the cis unsaturated fatty acid moieties, which is mediated by radical stress. 29 In our study, the fatty acid reference library included 18:1, 18:2, 18:3 and 20:1 isomers, but no other higher long-chain PUFA. Thus, it cannot be excluded that percentages of total trans PUFA isomers be higher than those actually measured. Nevertheless, we used GC-MS to detect and confirm trans isomer structures and we did not find any major trans fatty acid isomer with a chain length higher than 18 carbon atoms. Epidemiological and experimental studies have indicated that enriched saturated fat diets may affect insulin sensitivity. 30, 31 As trans fatty acids structurally mimic saturated fatty acids, it would be useful to know whether dietary trans fatty acids also have negative effects on insulin resistance. In the present study, there was evidence of higher insulin resistance and lower tissue insulin sensitivity in obese than in healthy children, but no correlation was found between insulin resistance and either trans fatty acid intake or plasma levels. Christiansen et al. 11 reported that administration of diets in which 20% of energy is in the form of trans or saturated fatty acids instead of oleic acid leads to an increase in postprandial insulinemia in obese patients with non-insulin-dependent diabetes mellitus. 11 However, the proportion of dietary trans fatty acids in their study was far greater than that observed here (0.4% of total dietary energy intake); this might account for absence of effects on insulin response in these children. Nevertheless, as there is no information on history of obesity in the subjects of the present study, we cannot exclude that trans fatty acids might have played a role in the acquisition of obesity or in the development of insulin resistance.
In addition, the children studied here had a relative high intake of MUFA cis (49-50.7% of total dietary fatty acids) owing to regular consumption of olive oil. In the KANWU study, the favorable effects of substituting a MUFA diet for a saturated fatty acid diet on insulin sensitivity were only seen at a total fat intake below 37% of the energy, 32 which is lower than the 40% of total fat intake in the present study. Other studies have also suggested that trans fatty acid intake is not associated with markers of insulin resistance. In the doubleblind crossover study reported by Lovejoy et al., 14 no significant difference was found for insulin sensitivity or secretion in lean adults receiving diets with 9% of energy as trans fatty acids, saturated fatty acids or oleic acid. Similarly, in a randomized crossover study of 14 healthy women who for 2 weeks received a high-fat diet with 5% of energy in the form of trans fatty acids, no effect on glucose and insulin metabolism was found compared with the cis monounsaturated fatty acid diet. 33 After a standardized breakfast, which included cow's milk and butter, all children displayed a different time course for plasma trans fatty acids than for cis MUFA. Moreover, at 3 h plasma trans fatty acids remained higher in obese children than in controls. Thus, in subjects with high trans fatty acid intakes, this postprandial profile might negative influence the risk factors associated with obesity.
In summary, there is a low intake of trans fatty acids in Southern Spanish children, which is supported by low concentrations and percentages of those fatty acids in plasma. No difference in trans fatty acid intake is observed between obese and control children, although plasma levels remain higher in obese children after 3 h of having a standardized breakfast providing 1.4% of the energy as trans fatty acids. Hyperinsulinemia and insulin resistance are seen in obese children, but they are not correlated with either trans fatty acid intake or plasma concentration.
